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(54) Alternating gain and pliase control system and method 

(57) A gain and phase control sj^tem performs a 
gain (or phase) adjustment based on the results of a 
previous gain (or phase) adjustnent after an Intervening 
phase (or gain) adjustment. A gain adjustment is based 
on the results of a previous gain adjustment rather than 
on the results of an intervening phase adjustment A 
phase adjustment Is based on the results of a previous 
phase adjustment rather than the results of an interven- 
ing gain adjustment. As such, the above-mentioned 
increase in error signal does not occur because a gain 
adjustment is based on the results of the previous gain 
adjustment, and a phase adjustment Is based on the 
results of the previous phase adjustments. In accord- 
ance with another aspect of the present Invention, the 
gain and phase control system makes a gain (or phase) 
adjustment in parallel with detecting the results from a 
previous phase (or gain) adjustment, thereby taking 
advantage of the delay between adjustment and detec- 
tion of the resulting error signal to improve the conver- 
gence rate. For example, the gain and phase control 
system can perform single alternating gain and phase 
adjustments and make a gain (or phase) adjustment 
while detecting the error signal resulting from a preced- 
ing phase (or gain) adjustment When the error signal 
resulting from the gain (or phase) adjustment is being 
detected, the gain and phase control system makes a 
phase (or gain) adjustment using the results detected 
from the preceding phase (or gain) adjustment 
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Description 

BACKGROUND OF THE INVENTiON 

5 1 . Field of The invention 

[0001] This invention relates to a gain and phase control system for adjusting the relative phase and gain between 
combining signals, for example In a distortion reduction system, 

w 2. Description of Related Art 

[0002] Amplifiers often add undeslred distortion to a signal, creating an output signal comprising distortion or non- 
linear components and the signal component The distortion includes any undeslred signals added to or affecting 
adversely the input signal. There is therefore a need to devise techniques that can eliminate substantially or reduce sig- 

15 nificantly the distortion produced by the amplifier. 

[0003] Feed-foHArard correction is routinely deployed in modern amplifiers to Improve amplifier linearity with various 
Input patterns. The essence of the feed-forward correction is to manipulate distortion, such as Intermodulation (IMD) 
components, created by the amplifier so that at the final summing point, the distortion cancels out. Due to the unpre- 
dictability of input RF carrier pattern as well as the resultant distortion location, a known frequency component, i.e. a 

20 pilot signal, Is injected in the main signal path with the distortion produced by the amplification process, in feed-fonward 
amplifiers, the feed fonivard distortion reduction circuitry minimizes the pilot signal along with the distortion. As such, by 
designing the feed fonward distortion reduction circuitry to detect and cancel the pilot signal, the distortion can also be 
removed. 

[0004] The pilot signal is an electrical signal comprising at least one frequency component spectrally located near 

25 the frequency band of operation of the electrical circuit. A more complete description of the pilot signal is shown in FIG. 
1 which shows the frequency response of a radio frequency (RF) amplifier including the location of the pilot signal. The 
pilot signal can be near the lower edge of the operating band (e.g., pilot 1) and/or located near the upper edge of the 
band of operation (e.g., pilot 2). The pilot is positioned a spectral distance of A f from an edge of the band of operation 
whose center frequency is fp- The electrical characteristics (e.g., amplitude, phase response, spectral content) of the 

30 pilot signal are known. It should be noted that although the pilot signal is shown as having one ortwo spectral compo- 
nents of a certain amplitude, the pilot signal can comprise a plurality of spectral components having various amplrtudes. 
[0005] The feed fonward distortion reduction circuitry reduces distortion produced by the RF amplifier by applying 
the pilot signal to the RF amplifier and making adjustments based on information obtained from the applied pilot signal. 
FIG. 2 discloses feed-fonward correction circuitry 10 and its use of information obtained from the pilot signal to reduce 

35 distortion produced by RF amplifier 1 2. An Input signal, for example including at least one carrier signal, is applied to a 
splitter 14. The splitter 14 replicates the input signal on a main signal path 1 6 and a feed fomard path 1 8. The splitter 
14 is part of a carrier cancellation loop referred to as loop # 1, which in addition to the splitter 14, comprises gain & 
phase circuit 20, coupler 22, the RF amplifier 1 2, delay circuit 24 and couplers 26 and 28. The signal on the main path 
1 6 is applied to gain & phase circuit 20. The output of gain & phase circuit 20 and the pilot signal are applied to the cou- 

40 pier 22. Typically, the amplitude of the pilot signal is much less (e.g., 30 dB less) than the amplitude of the Input signal 
so as not to interfere with the operation of the amplifier 1 2, The output of coupler 22 is applied to the amplifier 1 2 whose 
output comprises the amplified input signal, the amplified pilot signal and distortion signals produced by the amplifier 
12. 

[0006] A portion of the output of the amplifier 1 2 is obtained from the coupler 26 and is combined at the coupler 28 
45 via coupling path 30 with a delayed version of the input signal on the feed fonward path 1 8 to isolate the pilot signal with 
distortion on the feed fonward path 1 8. The input signal on the feed fonward path 1 8 is suffblently delayed by delay circuit 
24 so that such signal experiences the same delay as the signal appearing at the coupler 28 via the path 30. The result- 
ing error signal contains the distortion produced by the amplifier 1 2 along with any portion of the carrier signal remain- 
ing at the output of the coupler 28 and the pilot signal. The amount of canier cancellation in the earner cancellation loop 
so depends on the proper gain and phase match between the two paths from the splitter 1 4 to the coupler 28. 

[0007] Tlie gain & phase circuit 20 adjusts the phase and gain of the Input signal according to control signals on 
control paths 32 and 34 such that the signal appearing at the coupler 28 via the path 30 is substantially the Inverse 
(equal in ampFitude but 1 80**out of phase) of the delayed input signal at the coupler 28. The gain and phase control sig- 
nals appearing on the control paths 32 and 34 of the gain & phase circuit 20 are derived from the signal at the output 
55 of the coupler 28 in a well known manner using signal detection and control circuitry 35, In general, the signal detection 
and control circuitry 35 detects an en-or signal for the can'ier cancellation loop. The error signal represents the ampli- 
tude of the signal at point A, and the signal detection and control circuitry 36 attempts to reduce the amplitude of the 
error signal by providing gain and/or phase control signals. 
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[0008] in this embodiment, the signal detection and control circuitry 35 includes a detector 36, such as a log detec- 
tor, which produces a signal representing the amplitude of the signal at point A. A filter 38 filters the output of the log 
detector to produce a DC-type amplitude signal representing the amplitude of the error signal The amplitude signal is 
provided to a nulling circuit 40. In response to the amplitude signal, the nulling circuit 40 provides the control signals on 

5 the control paths 32 and 34 to reduce the error signal, thereby reducing the carrier S!gnal(s). When the error signal is 
minimized, the carrier signals combined at the coupler 28 substantially cancel each other leaving at the output of the 
coupler 28 the pilot signal with distortion produced by the amplifier 1 Z Loop # 1 is thus a carrier cancellation loop which 
serves to isolate on the feed fonward path 1 8 the pilot signal with distortion produced by the amplifier 1 2. 
[0009] A distortion reduction loop or loop #2 attempts to reduce the pilot signal on the main signal path 1 6, thereby 

10 reducing the distortion produced by the amplifier 1 2, using the error signal at the output of the coupler 28. The pilot sig- 
nal with distortion on the feed fonward path 1 8 is fed to a gain & phase circuit 42. The output of the gain and phase circuit 
42 is fed to amplifier 44 whose output is applied to coupler 46. The coupler 46 combines the amplified pilot signal and 
distortion on the feed forward path 1 8 with the signals from the amplifier 1 2 on the main signal path 1 6 (carrier slgnal(s), 
pilot signal with distortion). A delay circuit 40 on the main signal path 1 6 delays the signals from the output of the ampli- 

75 tier 1 2 on the main signal path 1 6 to experience substantially the same delay as the corresponding signals from the out- 
put of the amplifier 1 2 which pass over the coupling path 30 through the coupler 28 to the coupler 46. 
[001 0] A coupler 48 provides an error signal representative of the signal at the output of the coupler 46 onto a pilot 
detection path 50, Because the frequency, amplitude and other electrical characteristics of the pilot signal are known, 
pilot detection and control circuitry 52 can detect the amplitude of the remaining portion of the pilot signal from the error 

20 signal on the pilot detection path 50. The pilot detection and control circuitry 48 determines the amplitude of the pilot 
signal, and in response to the amplitude of the remaining pilot signal, the pilot detection and control circuitry 52 provides 
control signals to the phase and gain circuit 42. In general, the pilot detection and control circuitry 48 will detect the pilot 
signal and use this information to generate Control signals onto paths 66 and 68 to cause the gain & phase circuit 42 
to modify the pilot signal on the feed forward path 1 8 such that the pilot signal on the main path 1 6 is substantially the 

25 inverse (equal in amplitude but 1 80° out of phase) of the pilot signal on the feed forward path 1 8 at the coupler 46. The 
con'esponding pilot signals and distortion substantially cancel each other at the coupler 46 leaving the carrier signal(s) 
at the output of the system. Therefore, loop #2 is a distortion reduction loop which attempts to cancel the pilot signal to 
cancel substantially the distortion produced by the amplifier 1 2. 

[0011] In this embodiment, the pilot detection and control circuitry 52 includes pilot receive circuitry 54 which 
30 includes a mixer 56 to frequency convert the error signal on the pilot detection path 52 to lower f requerKJies and a fitter 
58 to facilitate detection of the pilot signal by a signal detector 60. The detector 60, such as a log detector, produces a 
signal representing the amplitude of the signal at point B. A filter 62 filters the output of the detector 60 to produce a 
DC-type amplitude signal representing the amplitude of the remaining pilot signal or error signal. The amplitude signal 
Is provided to a nulling circuit 64. In response to the amplitude signal, the nulling circuit 64 provides control signals on 
35 the control paths 66 and 68 to the phase and gain circuit 42, The control signals are provided to reduce the amplitude 
signal, thereby reducing the remaining pilot signal. The amount of cancellation of the pilot signal indicates the amount 
of distortion cancellation. When amplitude of the pilot signal is minimized, the pilot signals and distortion combined at 
the coupler 46 substantially cancel each other at the output of the coupler 46. 

[0012] In actual systems, however, there is rarely an absolute cancellation of the combining signals. The amount of 

40 signal cancellation depends on the proper gain and phase match between the combining signals. Signal reduction as 
a function of gain and phase mismatch is shown in FIG. 3. The gain and phase characteristics of the amplifiers 12 and 
44 as well as of the other devices vary over time. Such variations are typically due to the temperature, input power, 
device age and manufacturing variations. To maintain carrier cancellation performance in the earner cancellation loop 
and distortion reduction in the distortion reduction loop, the signal detection and control circuitry 35 and the pilot detec- 

45 tion and control circuitry 52 are designed to automatically control the gain and phase characteristics for the con'espond- 
ing carrier cancellation and distortion reduction loops based on the amplitudes of the corresponding error signals. 
[0013] The nulling circuits 40 and 64 attempt to reduce the error signal (indicating improved cancellation) by com- 
paring every error signal sample with a previous error signal sample. In this embodiment, the pilot detect and control 
circuitry 52 uses the pilot signal as a reference error signal. In this embodiment, each nulling circuit makes two types of 

50 adjustments (gain and phase) based on the amplitucfe signal from one detector 36 or 60, and the nulling circuit 40 or 
64 perfomns a series of n steps of phase adjustment (for example 12 steps) in sequence with n steps of gain adjust- 
ments. This alternating series of gain and phase adjustments is repeatedly performed to reduce the error signal toward 
null. The nulling circuit 40 or 64 determines how to adjust the phase or gain adjus&nent value (for example Vout(n+ 1 )) 
based on the results of the comparison between an en-or signal sample resulting from the last adjustment (for example 

55 error(n)) and the previous error signal sample (for example, error(n-1 )). However, because gain and phase are relatively 
independent of each other, an incon^ect gain or phase adjustment can be made after a series of n phase or gain adjust- 
ments. For example, as shown in FIG. 4, the magnitude of the error signal decreases after a 12 steps 80a-1 of gain 
adjustments, and the nulling circuit makes a phase adjustment Vpjiase("+1 ) based on the previous error signal samples 
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after steps 80k and 801 resulting from gain adjustments (for example, errorgajn(n)-errorgain(n-1 ). About half the time, the 
nulling circuit will make an incorrect phase adjustment based on the results of the last two gain adjustments, resulting 
in a jump 82 in the error signal. After the jump 82, steps 84a-1 of phase adjustments bring the error signal back down, 
but the improper adjustment determination adversely effects the convergence rate. 

5 [0014] The nulling sensitivity and the location of the null varies as system parameters and transmit power varies. 
For example, in multi-user wireless communications systems, such as Code division multiple access (CDMA), Time 
division multiple access (TDMA), Global System for Mobile Communications (GSM) and orthogonal frequency division 
multiplexing (OFDM), multiple voice and/or traffic channels are combined into a single or multiple carriers. A linear 
amplifier should be able to react rapidly to transmit power changes and bursty traffic variations within the transient 

10 response specifications in the microsecond and millisecond ranges while providing adequate error cancellation. 

SUMMARY OF THE INVENTION 

[0015] The present invention Involves a gain and phase control system which performs a gain (or phase) adjust- 
15 ment based on the results of a previous gain (or phase) adjustment after an intervening phase (or gain) adjustment A 
gain adjustment is based on the results of a previous gain adjustment ratherthan on the results of an Intervening phase 
adjustment. A phase adjustment is based on the results of a previous phase adjustment rather than the results of an 
Intervening gain adjustment. As such, the above-mentioned increase in en'or signal does not occur because a gain 
adjustment is based on the results of the previous gain adjustment, and a phase adjustment is based on the results of 
20 the previous phase adjustments. In accordance with another aspect of the present invention, the gain and phase control 
system makes a gain (or phase) adjustment in parallel with detecting the results from a previous phase (or gain) adjust- 
ment, thereby taking advantage of the delay between adjustment and detection of the resulting error signal to improve 
the convergence rate. For example, the gain and phase control system can perform single alternating gain and phase 
adjustments and make a gain (or phase) adjustment while detecting the error signal resulting from a preceding phase 
25 (or gain) adjustment. When the error signal resulting from the gain (or phase) adjustment is being detected, the gain 
and phase control system makes a phase (or gain) adjustment using the results detected from the preceding phase (or 
gain) adjustment 

BRiEF DESCRIPTION OF THE DRAWINGS 

30 

[0016] Other aspecte and advantages of the present invention may become apparent upon reading the following 
detailed description and upon reference to the drawings In which: 

FIG. 1 shows an example frequency response curve of an RF amplifier showing the frequency within which the 
35 amplifier is operating; 

FIG. 2 is a block diagram of a feed forward distortion reduction system used for RF amplifiers; 

FIG. 3 shows a graph of cancellation error as a function of amplitude and phase mismatch between the combining 

signals; 

FIG. 4 shows an example graph for explaining how an error signal increase occurs between a series of gain and 
40 phase adjustments; and 

FIG. 5 shows a block diagram of an alternating gain and phase control system according to the principles of the 
present invention. 

DETAILED DESCRIPTION 

45 

[001 71 An Illustrative embodiment of an alternating gain and phase control system according to the principles of the 

present invention is described with reference to a feed fon/vard distortion reduction system. In accordance with an 
aspect of the present invention, after making a gain (or phase) adjustment(s) followed by an intervening phase (or gain) 
adjustment(s), the next gain (or phase) adjustment is determined based on the results of the last gain (or phase) adjust- 
so ment ratherthan on the result of the intervening phase (or gain) adjustment For example, after making a gain adjust- 
ment followed by an intervening phase adjustment(s), the alternating gain and phase control system retains the results 
of the last gain adjustment, for example the magnitude of the resulting error signal, and determines the next gain adjust- 
ment based on the results of the last gain adjustment ratherthan the results of the preceding phase adjustment If the 
magnitude of the error signal resulting from the last gain adjustment decreased compared to a previous en-or signal, 
55 then the sign of the gain adjustment remains the same as the last gain adjustment Othenwise, if the magnitude of the 
error signal resulting from the last gain adjustment increased compared to the previous error signal, the sign of the gain 
adjustment Is changed. 

[0018] In accordance with another aspect of the present invention, the gain and phase control system alternates 
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between a gain adjustment and a phase adjustment by decoupling the performing of gain (or phase) adjustments and 
the detecting of the results of the preceding phase (or gain) adjustment. As such, a gain (or phase) adjustment can be 
performed In parallel with the detection of the results of the preceding phase (or gain) adjustment. For example, while 
a gain adjustment (gain output of the null circuit) is being initiated, the error signal resulting from the preceding phase 

5 adjustment is being detected and processed. While the gain-adjusted signal experiences a propagation delay as it is 
amplified and combined and as the resulting error signal is detected and processed, a phase adjustment is initiated. 
Since the gain and phase adjustments have Independent effects on the error signal, single alternating gain (and phase) 
adjustments performed in parallel with the detections of the resulte of the preceding phase (and gain) adjustments 
makes use of propagation delay to achieve an improved convergence rate, especially when gain and phase imbalances 

to are not symmetrically distanced from the null. The propagation delay results from the delay experienced by the gain-or 
phase-adjusted signal in being amplified and combined and from the resulting en-or signal being detected and proc- 
essed. 

[0019] FIG. 5 shows a general block diagram of an alternating gain and phase control circuitry 76 which receives 
an en*or signal representing the cancellation error for combining signals. The alternating gain and phase adjustment cir- 

15 cuitry 76 reduces the en-or signal by providing the gain and phase adjustment control signals to make relative gain and 
phase adjustments between combining signals to improve the error cancellation of the combining signals. Depending 
on the embodiment, the alternating gain and phase adjustment system 76 can replace the nulling circuit 40 or 64 in the 
feed fonward arrangement 1 0 (FIG. 2). To improve the convergence rate, the alternating phase and gain adjustment cir- 
cuitry 76 makes a previous gain (or phase) adjustment(s> followed by an intervening phase (or gain) adjustment(s), and 

20 the alternating gain and phase adjustment control 76 retains the results of the previous gain (or phase) adjustment, for 
example a magnitude for the resulting error signal, and detennines the next gain (or phase) adjustment using the results 
of the previous gain (or phase) adjustment rather than the results of the intervening phase (or gain) adjustment. If the 
magnitude of the error signal en'or(n) resulting from the last gain (or phase) adjustment decreased compared to the pre- 
vious en*or signal error(n-1 ) which, depending on the embodiment, resulted from either a gain or phase adjustment, 

25 then the sign of the gain (or phase) adjustment change AV(n4-1) remains the same as the last gain (or phase) adjust- 
ment change AV(n). Othenvise, if the magnitude of the en-or signal error(n) resulting from the last gain (or phase) adjust- 
ment change AV(n) Increased compared to the previous enror signal error(n-1), the sign of the gain adjustment change 
AV(n+1) is changed. 

[0020] To further improve the convergence rate, the alternating gain and phase control system 76 can make single 

30 aitemating gain and phase adjustments, and a gain (or phase) adjustment can be perfomned in parallel with the detec- 
tion of the resulte of the preceding phase (or gain) adjustment. Because the gain and phase adjustments have inde- 
pendent effects on the error signal, the alternating gain and phase control system 76 can take advantage of the 
propagation delay experienced by the gain- or phase-adjusted signal as the signal Is amplified and combined and as 
the resulting error signal is detected, filtered and processed. As such, rather than making a gain (or phase) adjustment 

35 and waiting until the results of the gain or phase adjustment are detected and processed before making another gain 
or phase adjustment, a gain (or phase) adjustment can be performed in parallel with the detection of the results of the 
preceding phase (or gain) adjustment. Accordingly, in certain embodiments, the alternating gain and phase adjustment 
system makes a gain (or phase) adjustment while detecting the resulte of the preceding phase (or gain) adjustment. 
While the results from the gain (or phase) adjustment are being detected, a phase (or gain) adjustment is made based 

40 on the results of the previous phase (or gain) adjustment. 

[0021] Other embodimente are possible which use aitemating series of multiple gain and phase adjustments, alter- 
nating single and/or multiple gain and phase adjustments and different or changing numbers of alternating gain and 
phase adjustment(s). In embodiments with a series of multiple gain or phase adjustments, the next gain (or phase) 
adjustment after an intervening series of phase (or gain) adjustments is based on the results of the last gain (or phase) 

45 adjustment before the series of phase (or gain) adjustmente or before a single intervening gain (or phase) adjustment. 
Additionally, embodimente can use previous system parameters, such as previous error signals or an en-or history for 
gain and/or phase adjustmente, to make gain or phase adjustmente. 

[0022] In the embodiment of FIG. 6, the en-or signal is ana!og-to-digitally converted by analog to digital (A/D) con- 
verter 78. Depending on the embodiment, an anti-aliasing filter 79 can be used to remove frequencies greater than 

50 the A/D sampling frequency to improve detection of the signal representing the amplitude of the error signal. A DSP 80 
receives the en-or signal and/or additional system infomnation 82. In response to the error signal and/or other system 
infomnation 82, Uie DSP 80 provides a gain or phase adjustment control signals attempting to reduce the error signal. 
The DSP 80 can use previous or cumulative information, such as error signal history, which can be stored in memory 
or storage 84 to determine a step size or adjustment factor as described in co-pending application serial no. 

55 XX/XXX,XXX filed concun-entiy with this application, assigned to the same assignee and entitled "Adaptive Gain and/or 
Phase Adjustment Control System and Method.** The storage 84 can be integrated on the DSP 80 or electrically cou- 
pled thereto. In this embodiment, the DSP 80 produces the gain and phase adjustment signals in digital form. A digital 
to analog (D/A) converter 86 converts the gain adjustment signals to analog form for a gain adjuster (not shown), and 
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a digital to analog (D/A) converter 87 converts the phase adjustment signals to analog form for a phase adjuster (not 
shown). Reconstruction filters 88 and 89 can be used to respectively remove high frequency components from the out- 
put of the D/A's 86 and 87. The DSP 80 can also perfomi other control and calculations and provide additional gain 
and/or phase control signals (not shown) in response to a different error signal. For example, the DSP 80 can be used 
5 to provide gain and/or phase control signals 32, 34, 66 and/or 68 (FIG. 2) in response to the corresponding error signals 
at the input to the detection circuitry 35 and on the path 60. In other embodiments, the alternating gain and phase 
adjustment control circuitry 76 can be implemented using discrete component(s), an Integrated circuit(s) and/or soft- 
ware-driven processing circuitry. 

[0023] In one embodiment, the gain and phase control circuitry 76 can detemiine a gain adjustment value 
?o VgainCn+D by using the equation AVgain(n+1) = -Kgajnin) * lerrorgain(n)l * sign(errorgain(n)-errorphase(n-1)) * 
slgn( AV gain(n)) , where Kgain(n) the step size or adjustment factor for gain adjustments, errorgain(n) is the results of 
the last gain adjustment, errorphase(n-1 ) is the resulting error signal from the adjustment before the last gain adjustment 
which in this embodiment Is a phase adjustment and AVgain(n) is the adjustment change of the last gain adjustment. If 
the sign of en'orgain{n)~errorphase (n-1) is positive (meaning the last gain adjustment change AVgain(n) resulted in an 
15 increase in the error signal), then the negative sign in front of the equation flips the sign of the adjustment change 
AVgain(n+1) as compared to the sign of the previous gain adjustment change AVgain(n). If the sign of errorgain(n)-en'or- 
phase (n-^l) is negative (meaning an improvement in the error signal from the last gain acTjustment), the negative sign in 
front of the equation maintains the sign of the previous gain adjustment AVgajn(n) which resulted in the improvement. 
[0024] In similar fashion, to determine the phase adjustment value, the gain and phase control circuitry 
20 76 can determine a phase adjustment value Vphase(n+1) using the equation AVphase('^+*^) = 
= -^phase(") * l«"'<>^phase(")' * sign(error 

phase^^)" ^^^^^gain(^"^)) * sign(AV pj,ase('^)) » Where Kpj^aseC'^) ^s the Step size 
or adjustment factor for phase adjustments, errorphase(n) is the results of the last phase adjustment, errorgajj^(n-1 ) is the 
error signal resulting from the adjustment before the last phase adjustment which in this embodiment is a gain adjust- 
ment and AVphase{f^) «s the adjustment change of the last phase adjustment In some embodiments, Kphase{") is the 

25 same as Kgain(n). if the sign of en-orphase(n)~errorgajn (n-1) is positive (meaning the last phase adjustment change 
^Vphase(^) resulted in an Increase in the en-or signal), then the negative sign in front of the equation flips the sign of the 
adjustment change AVphase(n+1) as compared to the sign of the previous phase adjustment change AVj^aseC")- the 
sign of errorphase(")"®rrorgain (n-1) is negative (meaning an improvement in the error signal from the last phase adjust- 
ment), the negative sign In front of the equation maintains the sign of the previous phase adjustment AVpjiaseC") which 

30 resulted in the improvement 

[0025] Depending on the embodiment, the gain (or phase) adjustment value Vout(n+1 ) can be calculated by chang- 
ing me previous gain (or phase) adjustment value Vout(n) with a gain (or phase) adjustment change AS/^i^ (n+1). For 
example, the gain adjustment value Vgain(n+1) can be equal to Vg^^(n) + AV gajn(n+1) , where Vgain(n) Is the previous 
gain adjustment value and AVgain(n+1) is the gain adjustment change. The previous adjustment value Vgajp(n) can be 

35 a fixed amount, an accumulation of adjustment changes or begins with a fixed amount which is changed by adjustment 
change(s). Alternatively, the adjustment value Vout(n-»-1 ) can be calculated each time without using the magnitude of the 
previous adjustment value Vout(n). 

[0026] In some embodiments, the magnitude of the step-size or adjustment factor K(n+1 ) can be the magnitude of 
the adjustmentchange AVou|(n4-1) orthe magnitude of the adjustment value Voi^Cn+l). Depending on the embodiment, 
40 the adjustment value or change for phase and/or gain can be calculated using a fixed step size K(n-f 1 ) or an adaptive 
adjustment factor K(n4-1). An adaptive step-size or adjustment factor is described in co-pending application serial no. 
XX/XXX,XXX filed concurrently with this application, assigned to the same assignee and entitled "Adaptive Gain and/or 
Phase Adjustment Control System and Method", herein Incorporated by reference, in which an adaptive adjustment lac- 
tor K(n+1) is calculated, for example using the equation: 

45 

K(n+1 ) = K s * [a * error (n) + a ""'^ *error(n^1 ) a ^ *error (n-m)], 

where Kg is a normalization and scaling factor used to match the input and output voltages of the control circuitry 76 to 
the ranges of the gain and/or phase adjustment circuitry (not shown), "a" represents a selected value (for example, 2), 
50 n represents the current sample number for an error signal based on previous gain adjustments and/or previous phase 
adjustments, and m represents the number of previous error signals used to detemnine the weighted average. can 
be determined from the following equation: 
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where the gain is set for the mimmum available adjustment value which can be accurately converted by a D/A 86 or 87. 
[0027] Thus, embodiments of the alternating gain and phase control system improve the convergence rate by mak- 

w ing a gain (or phase) adjustment using the results of the last gain (or phase) adjustment before an intervening phase 
(or gain) adjustment. To further improve the convergence rate, the alternating gain and phase control system can per- 
form single alternating gain and phase adjustments whereby a phase (or gain) adjustment is performed in parallel with 
the detection of the results of the previous gain (or phase) adjustment. By altemating the single gain and phase adjust- 
ments and performing the adjustment and detection in parallel, the altemating gain and phase control system can fur- 

15 ther improve the convergence rate. Depending on the embodiment, the gain or phase adjustments can be detennined 
differently for gain and phase adjustments. 

[0028] In addition to the embodiment described above, alternative configurations of the alternating gain and phase 
adjustment system according to the prindples of the present invention are possible which omit and/or add components 
and/or use \^rlatlons or portions of the described system. Additionally, the embodiment of the alternating gain and 

20 phase control system has been described as being used with a particular feed-forward RF amplifier an^ngement, but 
the alternating gain and phase control system can be used to improve the combining of signals in other amplifier or 
electrical circuit an-angements, and the combining signals could result in a constructive combination or resulting signal 
rather than a cancellation or error signal. Additionally, particular embodiments are posstole which detemriine an adjust- 
ment value, an adjustment change and/or an adjustment factor as described or in a different manner. For example, an 

25 adjustment factor may be fixed which is used to determine an adjusmient change which adjusts the previous adjust- 
ment value, adjusts relative to a fixed value without reference to the last or previous adjustment value(s) or Is used as 
the adjustment value. Furthermore, the control system has been described as detemnining the adjustment value using 
the magnitude of the error signal or an error history, but depending on the application, the adjustment value can be 
determined based on other information, and the adjustment value can be changed in various ways. 

30 [0029] Depending on the application, the gain and/or phase circuitry can be positioned in different locations and/or 
paths within the feed forward amplifier arrangement. For example the gain and phase adjustment circuit 20 could be 
located on the path 1 B before the coupler 28; the gain and phase adjuster 42 could be located on the path 16 after the 
coupler 26; or gain and/or phase adjusters could be located on both paths. The control system has been described as 
using a software driven processing circuitry with analog and digital conversion, but other configurations can be imple- 

35 mented in application specific integrated circuits, software-driven processing circuitry, firmware or other arrangements 
of discrete components as would be understood by one of ordinary skill in the art with the benefit of this disclosure. 
What has been described is merely illustrative of the application of the principles of the present invention. Those skilled 
in the art will readily recognize that these and various other modifications, arrangements and methods can be made to 
the present invention without strictly following the exemplary applications illustrated and described herein and without 

40 departing from the spirit and scope of the present invention. 

Claims 

1« A method of adjusting the relative phase between combining signals, said method CHARACTERIZED BY: 

45 

changing a phase adjustment value depending on the results of a previous phase adjustment performed before 
an intervening gain adjustment. 

2. The method of claim 1 CHARACTERIZED IN THAT: 

50 

retaining a phase en-or signal value resulting from said previous phase adjustment; 

retaining an error signal value resulting from an adjustment before said previous phase adjustment; and 

changing said phase adjustment value In response to said phase en^or signal value and said error signal. 

55 3. The method of claim 2 CHARACTERIZED IN THAT said retaining an error signal value Including: 

retaining said error signal value which results from a first gain adjustment before said previous phase adjust- 
ment. 
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4. The method of claim 3 CHARACTERIZED IN THAT said changing including: 

performing a second gain adjustment after said previous phase adjustment; and 

changing said phase adjustment value following said second gain adjustment depending on the results of said 
previous phase adjustment and the results of said first gain adjustment 

5. A method of adjusting the relative gain between combining signals, said method CHARACTERIZED BY: 

changing a gain adjustment value depending on the results of a previous gain adjustment performed before an 
intervening phase adjustment. 

6. The method of claim 5 CHARACTERIZED IN THAT said changing including: 

retaining a gain error signal value resulting from said previous gain adjustment; 

retaining an error signal value resulting from an adjustment before said previous gain adjustment; and 

changing said gain adjustment value in response to said gain error signal value and said error signal. 

7. The method of claim 6 CHARACTERIZED IN THAT said retaining an en*or signal value including: 

retaining said error signal value which results from a first phase adjustment before said previous gain adjust- 
ment 

8. The method of claim 7 CHARACTERIZED IN THAT said changing including: 

performing a second phase adjustment following said previous gain adjustment; and 

changing said gain adjustment value following said second phase adjustment depending on the results of said 

previous gain adjustment and the resulte of said first phase adjustment 

9. A method of adjusting the relative phase or gain between combining signals, said method CHARACTERIZED BY: 

changing an adjustment value; and 

detecting a result of changing a previous adjustment value in parallel with said changing of said adjustment 
10- The method of claim 9 CHARACTERIZED IN THAT said changing and said detecting Includes: 
changing a gain adjustment value as said adjustment value; and 

detecting said result of a phase adjustment value as said previous adjustment value in parallel with said chang- 
ing of said gain adjustment value. 

11. The method of claim 9 CHARACTERIZED IN THAT said changing and said detecting includes: 

changing a phase adjustment value as said adjustment value; and 

detecting said result of a gain adjustment value as said previous adjustment value In parallel with said chang- 
ing of said phase adjustment value. 
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FIG, 3 
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(54) Alternating gain and phase control system and method 



(57) A gain and phase control system performs a 
gain (or phase) adjustment based on the results of a pre- 
vious gain (or phase) adjustment after an intervening 
phase (or gain) adjustment. A gain adjustment is based 
on the results of a previous gain adjustment rather than 
on the results of an intervening phase adjustment A 
phase adjustment is based on the results of a previous 
phase adjustment rather than the results of an interven- 
ing gain adjustment. As such, the above-mentioned in- 
crease in error signal does not occur because a gain 
adjustment is based on the results of the previous gain 
adjustment, and a phase adjustment is based on the re- 
sults of the previous phase adjustments. In accordance 
with another aspect of the present Invention, the gain 
and phase control system makes a gain (or phase) ad- 
justment in parallel with detecting the results from a pre- 
vious phase (or gain) adjustment, thereby taking advan- 
tage of the delay between adjustment and detection of 
the resulting error signal to improve the convergence 
rate. For example, the gain and phase control system 
can perfomi single alternating gain and phase adjust* 
ments and make a gain (or phase) adjustment while de- 
tecting the error signal resulting from a preceding phase 
(or gain) adjustment. When the error signal resulting 
from the gain (or phase) adjustment Is being detected, 
the gain and phase control system makes a phase (or 
gain) adjustment using the results detected from the 
preceding phase (or gain) adjustment. 
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